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Figure 2.1 Schematiadiagramof the hypothesizedl TL (Tropopauseélransi-
tion Layer), denotedby the paleblue region between~13.5km and~19 km.
Deepcorvectionis shavn penetratinghe bottomof the TTL. Transportwithin
theTTL is characterizetdy inputof air mixedacrosghesubtropicatropopause
drivenprimarily by tropospheriaveatheisystemge.g.,thesummemonsoons),
by quasi-horizontamixing with extra-tropicalstratospheriair, andby slow as-
centto theoverworld (theregion whereall isentropexist solelyin the strato-
sphere).J.R. Holton, privatecommunication2000.
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Figure 2.2 Climatogical valuesfor Januaryof: Top — calculatedeastvard
componentof velocity at 200 and 100 mbar; Middle — calculatedoutgoing
longwave radiation(OLR) and analyzedtemperatureat 100 mbar; Bottom —
mixing ratio of H,O at 215 mbarmeasuredy MLS andmixing ratio of H,O
at 100 mbarmeasuredy HALOE. The meteorologicablataare derived from
NCEP/NCARreanalysidields, the OLR valuesare from the NOAA-CIRES
ClimateDiagnostic€Centerthe MLS watervaporclimatologyis from Stoneet
al. (2000),andHALOE watervaporclimatologyis from Randelet al. (2000).
PA. NewmanandD. W. Waugh,privatecommunication2000.
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Figure 2.3 Climatogicalvaluesfor July of: Top — calculatedeastvard compo-
nentof velocity at 200and100mbar;Middle — calculatedoutgoinglongwave
radiation(OLR) andanalyzedemperaturat 100 mbar;Bottom — mixing ratio
of H,O at 215 mbarmeasuredy MLS andmixing ratio of H,O at 100 mbar
measuredby HALOE. Themeteorologicatiataaredervedfrom NCEP/NCAR
reanalysidields,the OLR valuesarefrom theNOAA-CIRES ClimateDiagnos-
tics Centerthe MLS watervaporclimatologyis from Stoneet al. (2000),and
HALOE watervaporclimatologyis from Randelet al. (2000). PA. Newman
andD. W. Waugh,privatecommunication2000.
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Figure 3.1 Globalaveragelineartrendsin upperstratospherievatervaporde-
rived from HALOE Version18 obsenationsby Evanset al. (1998)for 1992
to 1996inclusive (crossespndby Nedoluhaet al. (1998)for Septembefl991
to February1997 (circles). The insertshovs a comparisonof the trend for
H>O betweenMay 1993 and October1997 measuredy a groundbasedmi-
crowvave spectrometeat Table Mountain, California (34.4N, 242.3E) (trian-
gles)to theHALOE trendfor coincidentmeasuremeni{®Nedoluhaet al., 1998).
The primary differencebetweerthe trendsfor H,O found by Evanset al. and
Nedoluhaet al. is dueto the statisticaltechnique(e.g., model of the QBO)
usedto estimatethe linear componenbf the nonlinearH,O time series.From
Chapter6, WMO 1999(seechapterfor a descriptionof the errorbars).
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Figure 3.2 Globally and annually averaged water vapour trends dervied from
zonal, monthly mean averages of Version 19 HAL OE datafor two time periods,
asindicated. Error barsare two standard deviations estimates of the uncertainty.
From Smith et al., GRL, 27, 1687, 2000.
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Figure 3.3 Mean value of H,O+2CHy in the NH lower stratosphere for each
deployment of SPADE (1993), STRAT (1995-1996), and POLARIS (1997),
filtered by CH,;<1450 ppb (to target “aged” air masses). Data meeting the fil-
ter criterion were collected predominantly between latitudes of 40° and 90°N
and potential temperatures of 470 and 540 K. The figure shows measurements
of H,O from the Harvard instrument and of CH, from the NOAA ACATS in-
strument on board the ER-2. The slope and 80% confidence of the slope is
—0.07+0.08 ppm yr~!, indicating no significant trend in H,O+2CH, during
1993 to 1997. This study also reported alack of seasonal cycle for HyO+2CH,
in these “aged” air masses. From Hurst et al., JGR, 104, 8191, 1999.
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Figure 3.4 Top Panel. Tropical mean 100 hPa temperatures averaged at 1200
UTC for each month from January 1979 to May 1998. The solid line is com-
puted from ECMWF reanalyses for the period up to February 1994. The dot-
ted line is from the operational analyses for the period since January 1992.
Bottom Panels. Time series of 100 hPa radiosonde temperatures for December-
February at KotaKinabalu (6°N, 116°E), Truk (7°N, 152°E), and Panama (9°N,
?8°5V\Q51;3r0£g 915980/81 (labelled 81) to 1997/98. From Simmons et al., QJRMS,
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Figure 3.5 Measuredvalueof 6D (red point) of stratospheriavater after cor-
rectionfor minor contribution from oxidationof heary methang CH3D), mea-
suredin thetrpical lower stratospherey ATMOS duringNovemberl1994.The
horizontalerror bar representshe standarddeviation of the mean;the vertical
errorbardenoteghe altituderangeof the obsenations. The solid curve shavs
thecalculatedraluefor §D for conditionsof thermodynamiequilibrium,desic-
cationto obseredlevelsof stratospheriaridity, andno transporof condensate
acrosghetropopauseFromMoyeret al., GRL, 23, 2385,1996.



RED DATA : Observed BrO, ASHOE/MAESA, Oct and Nov 1994
BLACK SOLID : Calculated BrO using Wamsley et al. Br,
BLACK DASHED : The Wamsley et al. Br, Relation
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Figure4.1 Obseredmixing ratioof BrO vs CFC-11in thelower stratospherat
mid-dayduringOctoberandNovemberl994(Wamsleg et al., 1998)(redpoints
with errorbars)andthecalculatedmixing ratio of BrO for the SZA, alundance
of O3, NO,, etc. alongthetrack of eachflight. The solid curve is afit to the
modelsimulations.The dashedurwe illustratesthe Wamsleg et al. (1998)Br,
relationusedto constrainthe model. This comparisonis similar to Figure 7
of Wamsle et al. (1998), which illustratedthat Br, inferredfrom obsered
BrO substantiallyexceedsBr, inferredfrom measuredrganicbrominesource
gasesR. J. Salavitch, privatecommuication2000.
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Figure 4.2 Calculateccontributionto 24 houraverageozonelossfrom thevari-

ouschemicafamiliesfor amodelconstrainedy MkIV obsenationsof O3 and

radical precursorsat mid-latitude(e.g.,Senet al., 1998)for two differentas-
sumptiongegardingBr,: panel(a) — theWamslg et al. (1998)relation;panel
(b) — theWamsle et al. (1998)relation+ 3 pptvof Br,. Reactiorratesandab-

sorptioncrosssectiongrom JPL00-3. R. J. Salawvitch, privatecommunication,
2000.
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Figure 4.3 The solar spectrum measured at Kitt Peak for SZA=60° (red) and
SZA=88° (blue) on 3 March 1994. Panel A. The black line shows the NO,
laboratory absoprtion spectrum at T = 240 K and p = 8 mbar; absorption
due to NO, is clearly seen in both the high and low air mass spectra. Panel
B. Residuals after removing the signature due to NO, (solid) are small, close
to the shot noise limit for the instrument. The expected absorption due to 10
if 1 pptv of inorganic iodine had been present in the stratosphere is shown by
the dotted blue line. These measurements were used to deduce a stratospheric

mixing ratio for total inorganic iodine of 0.2703 pptv. From Wennberg et al.,
JGR, 102, 8887, 1997.
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Figure 4.4 Differential slant column density (DSCD) of 10 measured at Ny-
Alesund, Spitsbergen (79°N, 12°E) on 23 February 1997 during morning twi-
light (Ieft) and evening twilight (right). The measurements were obtained using
ground based spectrum between 425 to 461.5 nm recored with 0.9 nm wave-
length resolution. A spectrum acquired at noon is used as background. The
curves show the computed DSCD of 10 assuming total stratospheric iodine of
1.0 pptv (dashed) and 0.75 pptv (solid). These observation have been used to
estimate a stratospheric mixing ratio for 1O of 0.65 to 0.80 (£0.2) pptv in polar
spring 1997. From Wittrock et al., GRL, 27, 1471, 2000.
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Figure 4.5 Profilesof the productionrate of HO, (Panel A) and concentra-
tion of OH (PanelB) on 7 Novemberl995over Barbers Point, Hawaii (21°N,
158W). The blue curvesin Panel A shav the productionrate of HO, from
O(!D)+H,0 (solid: instantaneousdashed24 hr average)basedon measured

03 andH,0. Productionof HO,, from O(*D)+H,O dropsby severalordersof
magnitudebetween7 km andthe tropopauseThered curvesin PanelA shav
the productionrate of HO, from photolysisof acetonewhich hasbeenesti-

matedbasedon measureaorrelationsof acetonavith CO from the DC-8 dur-
ing the PEM-WestB campaign Betweenl2 km andthetropopausemeasured

concentrationsf OH areunderestimately aboutafactorof 2 for amodelthat
neglectsacetonechemistry(blue curve, PanelB). Includingthe acetonesource
of HO, in themodel(redcurwe) leadsto betteragreementput measure®H is
still underestimatetelov 14 km. This underestimatenay be dueto improper
estimate®f thealundanceof acetoneor to theinfluenceon HO,, of peroxides
corvectedfrom the surface(e.g., Jaglle et al., 1997). From Wennbeg et al.,
Science, 279, 49,1998.
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Figure 4.6 Observed profile (symbols with 1o error bars) of SO, near 30°N
during April-May 1985 by ATMOS (Rindand et al., 1995) and 2D model calcu-
lations of SO, assuming no photolysis of H,SO, (dashed line) and a measured
upper limit for the photolysis rate of H,SO,4 (solid line). From Burkholder et
al., GRL, 27, 2493, 2000.
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Figure 5.1 Top Panel: Calculated mixing ratio of HoO on the 330 K potential
temperature surface for 20 March 1993 based on a back-trajectory method that
followsair parcels from the region of convection into the subtropics. Computed
mixing ratios correspond to the minimum value of local saturation mixing ra-
tio along the back-trajectory. Bottom Panel: observations of the mixing ratio of
H,0O at 330 K for 20 March 1993 based on ECMWF-analyzed moisture fields.
Thetime period of analysis correspondsto the Central Equatorial Pacific Exper-
iment (CEPEX). These simulations are used to argue that large scale advective

mixing is aviable source of subtropical tropospheric water vapor. From Pierre-
himbert at al CRlI 25 151 1009



